Gap junctions are specialized cell-cell junctions that
tion experiments. As shown in Figure 3a , GST-Cx43CT cosediments with microtubules prepared in vitro (taxolstabilized), whereas an irrelevant GST fusion protein A schematic representation of Cx43 and constructs used in this study. The Cx43 sequence with the four transmembrane domains (TM) and the various Cx43 constructs are represented with the residue numbers indicated. C-terminally Myc-tagged constructs and N-terminally GST-tagged constructs are shown. JM, juxtamembrane domain; CT, C-terminal tail; GST, Gluthathion-S-transferase; aa, amino acid.
Figure 2
Proteins pulled down by GST-Cx43CT and identification of tubulin as the major Cx43CT binding protein.
Lysates from
35
S-Met/Cyslabeled Rat-1 cells were subjected to pulldown assays using GST-Cx43CT or GST coupled to gluthathione-Sepharose beads. Figure 3b , lower panels). The sequences between the Cx43 tail and tubulin is direct. We next examined whether the full-length Cx43 protein also of Cx43⌬263 and GST-Cx43CT overlap only in the C-terminal juxtamembrane region (JM, 35 residues). We therebinds to microtubules and, furthermore, which region in Cx43CT mediates tubulin binding. To this end, we generfore generated GST-Cx43JM and GST-Cx43CT⌬JM, which lacks the JM region (Figure 1 ). While the GSTated C-terminally Myc-tagged Cx43 and a truncated version of Cx43 that lacks C-terminal residues 263-382
Cx43CT⌬JM protein fails to interact with microtubules, the isolated JM region (GST-Cx43JM) binds tubulin to the (Cx43⌬263; Figure 1 ). After expression of the constructs in COS7 cells, lysates were made and clarified to deplete same extent as Cx43CT (Figure 3c) . Thus, the tubulin binding domain of Cx43 is located within the 35-amino insolubilized microtubules and connexins. Subsequently, microtubules prepared in vitro were incubated with the acid juxtamembrane region of the C-terminal tail. supernatant and then pelleted. As shown in Figure 3b (upper panels), Cx43 is strongly enriched in the pellet
In general, microtubule binding domains are basic and enriched in lysine, valine, proline, and glycine residues when microtubules are present. Strikingly, the C-termi-
Brief Communication 1367

Figure 4
Cx43 and microtubule localization at cell-cell contacts visualized by high-resolution deconvolution microscopy. Subconfluent rat liver epithelial T51B cells were stained for Cx43 (red) and tubulin (green). It is seen that microtubules extend to and terminate at the plasma membrane only at regions of cell-cell contact (left panel; white box). High magnification of the boxed area shows that microtubules localize to Cx43 punctate structures and lower panels. Resolution enhancement by deconvolution reveals that microtubule distal ends terminate at Cx43 cellcell contacts (right). Representative tilt projections of volume views (boxes 1 and 2) show that Cx43 and tubulin maintain their colocalization when viewed under any angle [18], consistent with microtubules interacting directly with Cx43 gap junctions (also see the Supplementary material). Note that not all Cx43 punctate structures are in contact with microtubule ends, whereas microtubules that reach the plasma membrane are in apparent contact with Cx43.
[10]. Examination of the Cx43JM sequence (Figure 3e) cells, we applied high-resolution fluorescence deconvolution microscopy. Figure 4 shows that, in contacted rat reveals the presence of a potential tubulin binding motif (   234   KGVKDRVKGK   243 ; residues typically found in tubulin epithelial T51B cells, microtubules are organized with many distal ends extending toward the plasma membrane binding domains are underlined). This sequence is unique for Cx43 in that it is not found in other connexin and terminating at Cx43-based gap junctions. Threedimensional volume reconstructions show that endogefamily members. We addressed the specificity of microtubule binding by using the C-terminal tails of three other nous Cx43 and tubulin remain colocalized under all viewing angles, consistent with a physical interaction. We note connexins, namely, Cx31.9, Cx46, and Cx50. No microtubule binding is detectable with those connexins (Fig- that not all Cx43 punctate structures at the plasma membrane colocalize with micotubule ends, suggesting that ure 3d), consistent with tubulin binding being specific for Cx43.
gap-junctional Cx43 is more abundant than peripheral microtubules. We also examined the colocalization of Cx43 and tubulin at the ultrastructural level by immuTo address the possible role of microtubules on Cx43-noelectron microscopy on Rat-1 cells. Gap junctions are based GJC, we examined the effects of the microtublereadily distinguished by their typical morphology (Figure disrupting agent nocodazole on Rat-1 cells, which express 5). The 15-nm gold particles, representing Cx43, are seen endogenous Cx43 [4] . While microtubule disruption led to decorate the entire gap-junctional plaque. Strikingly, to a somewhat elongated appearance of Cx43 punctate small clusters of 10-nm gold particles, representing tustructures at cell-cell contacts (presumably due to RhoAbulin, are present within Cx43 gap junctions ( Figure 5 , mediated cytoskeletal contraction [11]), functional cellarrows). Quantification in triplicate revealed that tubulin cell coupling was not significantly altered (see the Supwas coincident (or in very close proximity) with 47% plementary material available with this article online).
(Ϯ 16%) of the gap-junctional plaques analyzed (n ϭ 39). Furthermore, nocodazole-treated Rat-1 cells rapidly closed their gap junctions in response to endothelin (see Supplementary material), similar to what is observed in control Our finding that microtubule distal ends terminate at cells [4] . These results suggest that the microtubule cyCx43 gap junctions raises the intriguing possibility that, in toskeleton and, by inference, Cx43-microtubule interacaddition to its well-established role as a channel-forming tion has no critical role in the regulation of Cx43 GJC.
protein, Cx43 may function as a microtubule-anchoring However, the possibility that microtubule disruption protein.
As such, gap-junctional Cx43 might influence the might lead to subtle changes in Cx43 channel gating propproperties of microtubules in contacted cells. Increasing erties cannot be excluded at present. evidence indicates that microtubule dynamics are suppressed in contacted cells, when compared to the highly dynamic behavior of microtubules in migrating cells that To visualize the Cx43-microtubule interaction in intact 
